Abstract: This paper focuses on consequences of erosion processes on the water quality in a small catchment mainly used for agriculture. Due to the silty soils with small infiltration capacity and some steep slopes, much suspended sediment is carried with the surface runoff into the river. To gain detailed knowledge about the dynamic of suspended particle concentration in the stream, particularly the intensity and the duration of the pollution, continual measurements of turbidity and conductivity have been done. Additionally water samples have been automatically taken regulated by the streamflow and have been analysed in the lab to determine the particle concentration and some dissolved chemical substances such as nitrate and heavy metals. From those measurements a regression between turbidity and suspended particle concentration was derived as basis to calculate suspended load. Results showed a typical hysteresis with bigger particles being transported within the fast rising limb than in the falling limb of the flood waves. Moreover, it was also found, that nitrate concentration was lower during the summer and early autumn than in spring with the same discharge.
Introduction
The European Water Framework Directive (WFD 2000) aims at maintaining and improving the aquatic environment in the community. Understanding and reducing erosion and sediment load requires detailed knowledge of the meteorological, hydrological and geomorphological conditions and processes. In regions used for agriculture, erosion and suspended load play an important role. There is a lack of knowledge about the complex process-chain of particle displacement, transport pathways and suspended load as well as the effect of suspended particles on water organisms (Bechmann et al. 2008; Donohue et al. 2005; Carter et al. 2003) . Predicted climate change may lead to more extremes, including higher rainfall intensities, resulting in a worsening of the problem of erosion and sediment load in the rivers.
Another important diffusive source of water pollution is the surface runoff from urban areas carrying heavy metals released by metal drains or traffic emissions (Sörme & Lagerkvist 2002) .
The investigation in the Landwasser catchment aims at the identification, analysis and quantification of abovementioned processes and problems focussing on erosion of agricultural areas.
Material and methods
The Landwasser River catchment (27 km 2 ) was chosen for the study. It is a hilly region situated in the Oberlausitz in the Eastern region of Saxony (Germany) and is part of the Nysa-basin. It is mainly used for agriculture (70%) with a high portion (11%) of urban settlement (Fig. 1) and partly steep slopes cause a high erosion potential within the catchment, particularly on uncovered fields in spring and autumn.
The river is strongly influenced by human activities. The mean annual discharge of the Landwasser River averaged 0.3 m 3 s −1 (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) , the maximum flood 32.5 m 3 s −1 on 30 December 1986. The risk areas of erosion, the pathways and transportation routes were deduced with GIS, combined with a Knowledge Based Expert System (WBS-FLAB) that identifies areas with similar runoff generation processes (Peschke et al. 1997) . This model requires digital information of land use, soil types as well as a digital elevation model. It is grid based and the grid size can be chosen depending on the resolution of the available data and the catchment.
Soil loss by water erosion, and the composition and amount of the suspended load was determined under different environmental conditions (rain intensity, soil coverage, plant species etc.) by collecting water samples at the catchment outlet using an automatic sampler controlled by discharge. These samples were analyzed for filtratable particles by drying and weighing them, and for dissolved substances such as nitrate and heavy metals. This method was only possible for discrete measurements. Further samples were intermittedly taken from selected tributaries and drain outlets. Neither the particle size distribution nor the substances bound to the particles have been studied.
To gain more information about the dynamic of suspended particle transport, discharge (ultrasonic Doppler wedge sensor), conductivity and turbidity (Ysi 6136) were continually measured and recorded every 5 min at the catchment outlet. Precipitation was summed for 5 min intervals. Additionally all meteorological elements are recorded hourly.
Results
Based on the available input data, the WBS-FLAB model generated a map with areas of dominant runoff components (Fig. 2) , showing that on 74% of the whole catchment area quick runoff components can happen as surface runoff from the urban areas (20%) and from soils with low infiltration capacity (50%). The latter were mainly areas used for agriculture. Hence, the stream is often polluted by suspended particles and dissolved chemical substances.
The continual turbidity measurements identified information whether and how long the stream and the aquatic ecosystem is influenced by suspended particles. Because it was an indirect measure, a correlation (Fig. 3) , derived from simultaneous measurements of suspended load and turbidity was used. From our investigations we observed a difference between the rising and falling limb of the hydrograph (hysteresis).
As an example, one runoff event, which happened in April 2008, is shown in Figure 4 . The corresponding precipitation and discharge are presented in Figure 4a , and the relationship between discharge and tur- bidity in Figure 4b . In the period of the rapidly swelling discharge a higher turbidity was measured than in the falling limb of the hydrograph. Due to the abrupt rise of the discharge there were fewer measurement points compared with the falling limb (Fig. 4b) . Analyses of the water samples at different water levels during the period from January to September 2008 showed a strong decrease of nitrate concentration in summer time, supporting other published findings (e.g. Pionke et al. 1999) . At the end of March the concentration of nitrate reached values of more than 30 mg L −1 (Fig. 5) after the flood wave, whereas at the maximum discharge the nitrate concentration was reduced. From the beginning of May the concentration was less than 15 mg L −1 while the discharge reached similar magnitudes as in April.
Discussion
The rapid rise in discharge following a rain event (Fig. 4a) corroborates the result of WBS-FLAB that designates a high portion of areas with surface runoff from soils with low infiltration capacity in the catchment (Fig. 2) . These areas represented 50% of the catchment and were used for agriculture which can lead to high suspended load or turbidity (e.g., Gao et al. 2007 ). On the fields the different growing crops also affect the runoff generation processes (e.g., Lichner et al. 2007 ).
During the vegetation period the concentration of suspended particles was smaller than in spring and autumn, because the fields were completely covered by crops.
For the calculation of suspended load, continual measurements of the suspended particle concentration are required. Hence, indirect methods like turbidity are frequently used, and calculations of concentration of suspended particles are derived (e.g. Lewis 1996) . This procedure has been widely used to evaluate stream water quality because it is known that turbidity measurements depend on particle size distribution (Pavanelli & Bigi 2005) . In our measurements we detected a hysteresis in the relationship between turbidity and suspended sediment. This may be caused by different particle sizes being transported during the flood event, with bigger particles with the first quick flow. Thus, for future investigations it may be necessary to analyse the particle size distribution of each sample. Disregarding this fact can result in an overestimation of suspended load, particularly in single events. Even so turbidity measurements are reliable to estimate suspended load and are indispensable to obtain information about duration and intensity of the pollution.
Our results concerning the nitrate behaviour during the year as well as during flood events were consistent with results from other studies. The observed reduction of nitrate concentration during the vegeta-tion period was due to biological uptake, that was also observed e.g. by Jarvie et al. (2008) , Sebíň et al. (2007) and Salvia-Castellví et al. (2005) . Pionke et al. (1999) described the seasonal variation of nitrate concentration additionally with the change in soil moisture within the year. In dry summer months the nitrate is stored in the soils, remobilized and released by drainage in wet periods.
During flood events the discharge increased while the nitrate concentration decreased due to surface runoff with low nitrate concentration. Later, the concentration rose again and sometimes exceeded the prestorm level, a pattern of discharge that was also described by Salvia-Castellví et al. (2005) .
